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An enzyme-free oxalic acid (OA) electrochemical sensor was assembled on indium tin oxide (ITO) plate
on which a film of laponite ionogel was coated that resulted in an L/IL/ITO electrode. This ionogel elec-
trode was characterized by scanning electron microscopy (SEM), Fourier transform infrared spectroscopy
(FTIR), and UV–Vis spectroscopy techniques. Electrochemical oxidation of OA on the electrode surface
was investigated by cyclic voltammetry. Further this electrode exhibited high electrochemical activity
that yielded well-defined peaks of OA oxidation, and a notably suppressed over-potential compared to
the laponite–ITO (L/ITO) electrode. Under optimized conditions, a good linear response (anodic current)
was observed for the OA concentration in the 1–20 mM range with a detection limit of 3 lM.
Furthermore, this electrochemical strip sensor presented good characteristics in terms of stability, and
reproducibility offering promise of applicability of this green sensor platform.
 2015 The Authors. Published by Elsevier B.V. This is an open access articleunder the CCBY license (http://
creativecommons.org/licenses/by/4.0/).1. Introduction
Oxalic acid is a strong acid (pKa1 = 1.23 and pKa2 = 4.19) simple
hydrophilic molecule [log KO/W = 0.7] having high solubility in
water and is present in spinach, cabbage, broccoli, mushrooms
and Brussels sprouts. Oxalic acid (OA) is widely distributed in var-
ious organisms, fungi, plants and animals. High levels of OA
remove calcium from blood that can cause severe disturbance in
the activity of heart and neural system. It has been found that
OA may cause digestive tract irritation and kidney damage; hence
there is an increasing demand for its determination in biofluids
[1,2]. Excess of oxalic acid may result in the formation of oxalate
stones in bladder and kidneys (calcium oxalate and calcium phos-
phate). Calcium oxalate stone formation may be caused by high
level of calcium, and high oxalate excretion. Oxalic acid converts
into oxalate in the body, and hence prevents the sedimentation
of calcium in bones by sticking to it. In other words, it causes cal-
cium excretion, and hence deficiency. Therefore, the need to design
an electrochemical platform in the form of a strip sensor, for detec-
tion of OA can hardly be stressed.
Laponite, synthetic clay, known as 2:1 nanoclay consists of two
tetrahedral silicate sheets sandwiching an octahedral sheet andseparated from another unit via electrostatic interaction. The geo-
metrical structure is disk-like with diameter of 30 nm and thick-
ness of 1 nm. Clays are used in biosensors as immobilization
matrices due to their large specific surface area, good absorbance
ability and high cationic exchange capacity [3–6]. Due to the prop-
erty of laponite to form non-ergodic soft solids in the aqueous dis-
persions, they have been used to cast films onto electrodes for the
immobilization of proteins [7–11] Rawat et al. have studied the
aspect ratio and concentration dependent cytotoxicity and antimi-
crobial activity of laponite and Montmorillonite nanoclay [12,13].
Ionic liquids (ILs) are class of compounds that are widely used
in the development of electrochemical sensors [14,15]. ILs are
defined as those which consist of an organic cation and an
organic/inorganic anion which are molten salts at low temperature
[16,17]. Maleki et al incorporated ILs into carbon paste electrode
which exhibited excellent electrochemical behavior [18]. Safavi
et al used carbon ionic liquid electrode where ionic liquid are basi-
cally used to improve the reversibility and kinetics of electrochem-
ical reaction for the simultaneous determination of dopamine,
ascorbic acid and uric acid [19].
A biosensor is usually defined as an analytical device through
which a biological response is converted into signal that can be
quantified and processed [20,21]. Clay colloid provides a favorable
microenvironment for electron transfer and catalytic reactions on
the electrode [22,23]. Electrodes modified with clay minerals have
attracted the attention of many electrochemists because of their
unique layered structure and their ion exchange properties [24].
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the formation of self-assembled colloidal networks [25]. The aim
of the present work was to make a biosensor using laponite (L),
and [C2mim][Cl] ionic liquids (IL), and to study their sensing
behavior towards different bio-analytes.
The determination of oxalic acid in food and urine is utmost
importance as this toxic compound can cause kidney stones. Var-
ious instrumental techniques such as gas chromatography, liquid
chromatography, spectroscopy, enzymatic method were devel-
oped but due to their high cost with low sensitivity, it is conve-
nient to use electrochemical techniques. Thus, electrode materials
are used for constructing oxalic acid sensor. Shimohigoshi and
Karube [26] construct a multi-functional bio-thermo chip system
for the determination of kidney calculus indices oxalic acid. Liu
et al. [27] developed an HRP-immobilized RTIL based sol–gel
matrix for constructing an electrochemical biosensor which exhi-
bit excellent sensitivity as well as stability. Maiyalagam et al.
[28] demonstrated the determination of oxalic acid in real sam-
ples, specifically in tomato extract using the tungsten carbide
with tube like nanostructures supported platinum nanoparticles.
A method for the determination of oxalic acid based on the use
of oxalate oxidase where injection of oxalate oxidase in a buffer
solution into an internal chamber of the SIRE biosensor by Hong
et al. [29].
In our work we are using laponite–IL electrode for determining
oxalic acid which is simple to construct and most important is that
it does not require any enzymes. The introduction of Ionic Liquid
into laponite makes it more stable film and enhanced the conduc-
tivity as compared to pure laponite. A lot of work has been done in
literature for oxalic acid sensor using enzymes as well as enzymes
free some of which is shown in Table 2.
We have performed an extensive electrochemical surface
characterization of the electrodes using cyclic voltammetry
(CV), FTIR and scanning electron microscopy (SEM). To the best
of our knowledge, we have found no report on the electrochem-
ical study of laponite ionogels. This profiling conclusively deter-
mined the specific sensitivity of these electrodes towards
different analytes. E /V
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Fig. 1. Cyclic voltammetric response of laponite with different concentration of IL
varying from 0.01% to 0.05% (w/v). The highest peak current was found for 0.04%
(w/v) IL sample.2. Materials and method
The IL, 1-ethyl-3-methyl imidazolium chloride [C2mim][Cl],
was purchased from Sigma–Aldrich and was used as received.
Deionized water from Organo Biotech Laboratories, India, was used
to prepare the solutions. laponite RD clay was purchased from
Southern Clay Products, USA. Clay dispersions (2% w/v) were
prepared by dissolving laponite in deionized water with constant
stirring for 2 h, to which a given amount of IL was added, and
stirred for 10 min. The solutions of different analytes i.e. glucose,
urea, citric acid, ascorbic acid, cholesterol and oxalic acid were
prepared as stock solutions (20 mM) and stored in refrigerator at
4 C. Indium-tin-oxide (ITO) coated glass plates obtained from
Balzers, UK, (Baltracom 247 ITO, 1.1 mm thick) with a sheet
resistance and transmittance of 25 O sq1 and 90%, respectively
were used as electrode substrates.
Electrochemical experiments (cyclic voltammetry (CV)) were
performed using Autolab Potentiostat/Galvanostat (Eco Chemie,
Netherlands) with three-electrode cell where L/IL/ITO (laponite/
Ionic Liquid/ITO) was used as working electrode, platinum (Pt)
wire as the auxiliary electrode and Ag/AgCl as reference electrode
in 3.3 mM Zobell’s solution (3.3 mM ferric and ferrous solution
mM; pH 7.0) containing 0.9% (w/v) KCl.
Fourier transform infrared (FTIR) spectroscopy studies were
carried out using PerkinElmer, Spectrum BX II instrument. Scan-
ning electron microscopy (SEM) was done using SEM, EVO, 40ZEISS Instrument. The UV-absorptivity was measured using Cecil,
model CE-7200 (Cecil Instruments, UK) spectrophotometer
through which the optimum binding constant was evaluated.3. Results and discussion
The resulting films, after the preparation of L/IL dispersions,
were fabricated by uniformly spreading 10 ll solution of L/IL sol
on conducting side of ITO which had 0.25 cm2 surface areas. The
film formed was kept overnight for drying (24 h) at room temper-
ature. The electron transfer kinetics of electroactive species was
studied using cyclic voltammetry (CV), a widely used technique
to obtain information about electrochemical reactions. Before
undertaking a thorough study, it was felt necessary to optimize
the electrochemical behavior of L/IL/ITO electrode as a function
of IL concentration in Zobell’s solution at a given scan rate of
(20 mV/s). The optimization studies were necessary to explicitly
determine the dependence of various experimental parameters
like concentration, scan rate, pH, pulse amplitude etc. to establish
the best experimental working condition [12,13,30–32].
The concentration of IL can change the properties of the elec-
trode surface; hence we first investigated the effect on peak cur-
rents by varying concentration of IL. The highest anodic and
cathodic peak currents was obtained for 0.04% (w/v) IL (shown in
Fig. 1) which indicated that this concentration of IL in L/IL/ITO
had better electrochemical properties compared to others. There-
fore, we have selected electrodes made with 0.04% (w/v) ILs for fur-
ther studies.
The electrochemical response of L/IL/ITO electrode was moni-
tored by a voltammetric sweep curve ranging from 0.1 to
+0.4 V as a function of scan rate varying from 10 to 100 mV/s
(Fig. 2(a)). From this figure we could observe well-defined peak
shapes at different scan rates with magnitudes of both anodic (Ia)
and cathodic (Ic) peak current increasing linearly. This linear
dependence of peak current (Fig. 2(b)) indicated that the electrode
provided sufficient accessibility to electron between electrolyte
and electrode revealing surface controlled electrode process. The
anodic (Ea) and cathodic (Ec) peak potentials did not show any shift
with scan rate. The independent behavior of separation of peak
potentials (DE = Ea  Ec) with scan rate and linear dependence of
peak current with scan rate suggested that redox reaction which
was undergoing in L/IL/ITO electrode was reversible. The cyclic
voltammetric behavior for only laponite electrode (L/ITO) is shown
in Fig. S1 (Supplementary Information).
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Fig. 2. (a) Shows cyclic voltammetric data of L/IL/ITO electrode with scan rates varying from 10 to 100 mV/s (from inner to outer). (b) Shows the variation of anodic and
cathodic peak current as a function of scan rate potential. The lines are the fitting lines with linear regression coefficient value (R2) written in figure.
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10–100 mV/s was found to be linear with regression equation
given for both anodic and cathodic response was given by
Ia ðlAÞL=IL=ITO ¼ 7:80 lAþ 0:174 ðlA mV=sÞ scan rate ðmV=sÞ;
R2 ¼ 0:98 ð1aÞ
Ic ðlAÞL=IL=ITO ¼ 6:65 lAþ 0:125 ðlA mV=sÞ scan rate ðmV=sÞ;
R2 ¼ 0:97 ð1bÞ
Similarly, for L/ITO electrode, the regression equation of peak
current as a function of scan rate is given as
Ia ðlAÞL=ITO ¼ 10:3 lAþ 0:45 ðlA mV=sÞ scan rate ðmV=sÞ;
R2 ¼ 0:98 ð1cÞ
Ic ðlAÞL=ITO ¼ 10:2 lAþ 0:42 ðlA mV=sÞ scan rate ðmV=sÞ;
R2 ¼ 0:98 ð1dÞ
The current voltage response profile of L/IL/ITO electrode was
compared with the ITO and L/ITO electrodes at scan rate of
20 mV/s in the applied potential range of 0.1 V to + 0.4 V, where
we observed the reduction in magnitude of peak current
(Fig. 3a). This ensured the presence of film on ITO surface. How-
ever, in our case the reduction in current was significant as com-
pared to bare ITO and L/ITO samples, thus it was clear that the L/
IL/ITO film reduced the mobility of the charge carriers, and hence
the conductivity.
The surface concentration of the L/IL/ITO electrode can be esti-
mated from current versus potential plot by using the Brown–An-
son model which is based on the following equation [33] given by
Ip ¼ n
2F2IAV
4RT
ð2Þ
where n is number of electrons transferred, F is faraday constant
(=96,485 C/mol), I* is the surface concentration of L/IL/ITO electrode
(mol/cm2) and A is surface area of the electrode (0.25 cm2), V is the
scan rate and R is gas constant (8.314 J/mol/K) and T = 300 K.
Using the above equation (Eq. (2)), the surface concentration in
our case was found to be 0.23  108 mol/cm2. The diffusion coef-
ficient (D) value of the redox species from the electrolyte to L/IL/
ITO electrode was calculated using the Randles–Sevcik equation
given by [33]
Ip ¼ ð2:69 105Þn3=2AD1=2CV1=2 ð3Þwhere Ip is the peak current of the electrode (Ia anodic and Ic catho-
dic), n is the number of electrons involved or electron stoichiometry
equal to 1, A is the surface area of the L/IL/ITO electrode equal to
0.25 cm2, D is the diffusion co-efficient, C is the concentration of
redox species (3.3 mM [Fe(CN)6]3/4), and V is the scan rate which
is 20 mV/s. The value of the heterogeneous electron transfer rate
constant (Ks) for L/IL/ITO was calculated by Eq. (4) based on the
model of Laviron [33] given by
Ks ¼ mnFV=RT ð4Þ
wherem is the peak-to-peak separation, F is the Faraday constant, V
is the scan rate given as 20 mV/s, n is the number of transferred
electrons, R is the gas constant and T is the temperature (room tem-
perature in our case). The values of all these parameters for L/IL/ITO
are listed in Table 1, and for comparison the same for L/ITO is
provided.
The electrochemical response of L/IL/ITO electrode was investi-
gated as a function of concentration in range 1–20 mM of different
analytes such as glucose, citric acid, urea, ascorbic acid, cholesterol
and oxalic acid using CV technique at 20 mV/s scan rate. The cali-
bration curve for L/IL/ITO as a function of different analyte concen-
tration obtained through cyclic voltammetric is shown in Fig. 4.
Upon addition of analytes (oxalic acid, ascorbic acid and choles-
terol), distinct change in CV profile was observed (Fig. 2b) which
indicated increase in oxidation (Ia) and reduction current (Ic). The
anodic (Ia) peak current increased linearly in range 1–20 mM for
oxalic acid, cholesterol and ascorbic acid. This increase in current
with addition of analytes led us to conclude that electro catalytic
reaction was due to the presence of analytes. We did not find
any redox response for urea and citric acid, and it was poor for glu-
cose (data not presented).
The sensitivity of the L/IL/ITO electrode calculated from slope of
the curve in the range 1–20 mM from Fig. 4 was found to be
8.01 lA mM1 cm2 for oxalic acid, 4.16 lA mM1 cm2 choles-
terol and 2.47 lA mM1 cm2 for ascorbic acid with linear regres-
sion coefficient (R2) of 0.92, 0.88 and 0.85, respectively. On
comparing the behavior of anodic peak current of L/IL/ITO as a
function of concentration (Fig. 4a) of analytes, we observed that
the best sensing behavior was for oxalic acid. Thus, the ionogel film
allowed the sensing of the three analytes discussed above. How-
ever, when we examined the sensitivity for these analytes towards
L/ITO, we found that the detection range was limited to 1–8 mM
(Fig. S2 Supplementary Information), and the sensitivity was
2.08, 3.94 and 2.72 lA mM1 cm2 with regression coefficient
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Fig. 3. (a) Comparison of cyclic voltammogram of a ITO electrode with L/ITO and L/IL/ITO electrodes at scan rate of 20 mV/s. (b) Cyclic voltammogram of L/IL/ITO electrode for
different concentration of oxalic acid concentration (1–20 mM) at scan rate of 20 mV/s.
Table 1
Electrochemical parameters of the electrodes pertaining to room temperature values.
Electrodes Anodic peak
current (Ia, lA)
Cathodic peak
current (Ic, lA)
Charge transfer rate
constant (Ks, s1)
Diffusion coefficient
(D, cm2 s1)
Electroactive surface
area (mm2)
Average surface concentration
(c, mol cm2)
L/IL/ITO 11.2 7.12 0.085 0.13  1012 0.67 0.23  108
L/ITO 19.6 18.3 0.070 0.40  1012 0.99 0.41  108
Table 2
Comparison of different oxalic acid (OA) sensor.
S. No. Electrode Linear dynamic range Sensitivity Limit of detection References
1 Graphene (GR) modified carbon ionic liquid electrode 8 lM–6 mM – 0.48 lM Wang et al. [34]
2 Carbon supported rhodium phthalocyanine electrode 0.1–250 lM 32 mA cm2 M1 1 lM Yamazaki et al. [35]
3 Tris (2,20-bipyridine) ruthenium II modified chitosan 0.1–10 mM – 3  105 M Zhao et al. [36]
4 Carbon nanotubes (MWNTs) modified glassy carbon electrode 5  105–1.5  102 M – 1.2  105 M Zheng et al. [37]
5 SiO2/C/cobalt phthalocyanine (CoPc) 0.03–0.046 lM – 0.58 lM Rahim et al. [38]
6 Pd doped mesoporous silica SBA-15 10–140 lM 20.4 lA mM1 0.4 lM Raoof et al. [39]
7 Platinum nanoparticle loaded graphene nanosheet 0.1–15 mM – 10 lM Chen et al. [40]
8 Tungsten carbide nanotubes supported platinum nanoparticles 0–125 nM 80 nA/nM 12 nM Maiyalagam et al. [28]
9 Exfoliated graphite polystyrene EG-PS 0.5–3 mM – 50 lM Manea et al. [41]
10 Laponite/IL electrode 1–20 mM 8.0 lA mM1 cm2 3 lM Present work
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acid, respectively.
The stability of L/IL/ITO electrode was established by measuring
its cyclic voltammetric profile obtained over a period of 3 days. The
stability of ionogel films may be ascribed to interaction between
positive edges of laponite platelets with negatively charged faceof other platelets where formation of IL double layer inhibit elec-
trostatic interactions [11].
The selectivity of L/IL/ITO electrode towards oxalic acid was
monitored using potential interferents such as ascorbic acid and
cholesterol. The interferents (analytes) solution at normal concen-
tration of oxalic acid (6 mM) was taken and the redox behavior was
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Fig. 5. Plot of anodic peak current as a function of analytes to show selectivity of L/
IL/ITO electrode with fixed oxalic acid.
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Fig. 7. SEM images of (a) L/IL//ITO, (b) L/IL/oxalic acid/ITO (c) L
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rent peak (Ia) was measured using equal amount of oxalic acid and
the other analytes. From the Fig. 5, we found that the electrode was
specific to oxalic acid as it did not shows interference effects
(Fig. 5). For other cases i.e. with cholesterol and ascorbic acid,
the change in peak current was observed (not shown).
In the next step, the spectroscopic signature of our samples was
probed. The UV–Vis spectrophotometry studies for L/IL solution
were carried out using Cecil, model CE-7200 apparatus at 268 nm
and 270 nm as a function of analyte ascorbic acid and oxalic acid
concentration (Fig. 6). A clear increase in absorbance with analyte
concentration (1–20 mM) was observed. From the magnitude of
absorbance, we could find the maximum binding constant which
was 0.50 mM1 for oxalic acid and 0.12 mM1 for ascorbic acid.
The surface morphology of L/IL/ITO electrodes with different
analytes were characterized using scanning electron microscope
(SEM) is shown in Fig. 7.
Fourier transform infrared spectroscopy (FTIR) of L/IL/ITO elec-
trode with different analytes was done to identify the structural
and conformational changes based on comparison of peak intensi-
ties shown in Fig. 8. FTIR spectra of laponite with [C2mim][Cl]
exhibited broad band at around 3200–3460 cm1 which was
assigned to –OH stretching vibration. The bands observed at
950 cm1 and 1150 cm1 corresponding to Si–O and Si–O–Si
stretching vibrations. Also the band at 660 cm1 corresponded to
Mg–O vibration. The peak at 1643 cm1 and 1426 cm1 corre-
sponded to the imidazolium ring bend, and the CH2 bend in the
spectra.
The study of L/IL solutions with selective analytes is shown in
Fig. 8 where we could observe that some peaks were shifted in case
of different analytes. When compared with oxalic acid we observed
an increase in intensity of absorption bands and shifting of peak at
2112 cm1 to 1878 cm1. Also peaks at 757 cm1, 907 cm1,
1175 cm1 (imidazole ring deformation), and 1300 cm1 (H–C–C
stretching) were observed in the spectrum. No change either in
peak position and intensity was observed in case any of the ana-
lytes for 3200–3460 cm1. In case of ascorbic acid the intensity/IL/cholesterol/ITO and (d) L/IL/ascorbic acid/ITO electrode.
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Fig. 8. FTIR spectra of (a) L/IL/ITO electrode with oxalic acid for comparison and (b) L/IL/ITO electrode with different analytes. In the figure the (a) correspond to L/IL/ITO (b) L/
IL/ITO with ascorbic acid (c) L/IL/ITO electrode with oxalic acid (d) L/IL/ITO electrode with cholesterol.
Fig. 9. Schematic showing how the resultant sensor (L/IL/ITO) was fabricated and illustration for sensing oxalic acid.
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occurred at 1894 and 1719 cm1 and the peak at 2095 cm1 did
not show shift as in case of oxalic acid, but the area of the band
decreased. At lower wave number we observe the shifting of peaks
at 773 cm1 (C–H out of plane bending of imidazole ring),
916 cm1 (C–H out of plane bending of imidazole ring), and
1100 cm1 (H–C–N bending). On comparing with cholesterol, a
new peak at 2621 cm1 and 2939 cm1 appeared. In this case the
intensity was maximum of all the analytes. The suppression of
peak at 1342 cm1 was also noticed. Further, at low wave number
we could observe the peak shifting. This shifting of FTIR peaks led
us to conclude the structural changes in L/IL were due to interac-
tion of them with the analytes. These changes in IR spectra could
be due to the bond formation/interaction taking place between
the NH  OH, C@O  HO etc. The fabrication and sensing mecha-
nism for L/IL/ITO for sensing oxalic acid is depicted in Fig. 9.4. Conclusion
The aim of our work was to construct a electrochemical biosen-
sor using nanoclay laponite and ionic liquid, 1-ethyl-3-methyl imi-
dazolium chloride [C2mim][Cl] film deposited on indium tin oxide
(ITO) glass electrode. The biosensor fabricated through this was
used for the determination of oxalic acid, ascorbic acid and choles-terol. We characterized the L/IL/ITO electrode using cyclic voltam-
metry (CV), scanning electron microscope (SEM), UV–Vis
spectroscopy and Fourier Transform Infrared Spectroscopy (FTIR).
The biosensor showed maximum sensitivity for oxalic acid in the
range of 1–20 mM. Thus, fabricated L/IL/ITO biosensor was suc-
cessfully employed for determination of oxalic acid. This platform
offers the promise to develop strip-based analyte sensors that do
not require stringent storage conditions. Comparison of different
oxalic acid sensors which were reported in literature is shown in
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